Managing the cumulative effects (CE) that arise from human and natural stressors is one of the most urgent and complex problems facing coastal and marine decision makers today. In the absence of effective processes, models, and political will, decisionmakers struggle to implement management strategies that effectively tackle cumulative effects. Emerging efforts to address cumulative effects provide a timely opportunity to assess the efficacy of a range of management strategies operating at different scales and in different legislative and cultural contexts. Using primarily qualitative methodologies including literature reviews, focus groups, and workshops, this paper compares cumulative effects approaches within the Reef 2050 Plan for the Great Barrier Reef Marine Park (GBRMP), Australia, with those in Aotearoa New Zealand (Aotearoa NZ). Both case studies illustrate that cumulative effects management is especially complicated by: fragmented legislative regimes and institutions that cannot account for cross-scale or cross-sector interactions; chronic data scarcity and high levels of uncertainty that make system-based assessments and predictions challenging; and often conflicting societal and economic expectations, values, and rights that are poorly integrated into management decision-making. By considering how these two cases align with transformational change characteristics, we draw several conclusions and establish priority actions regarding (1) how to mobilise resources and political will to address CE, (2) how to deal with data scarcity and uncertainty, and (3) how to promote comprehensive and inclusive CE management of coastal and marine areas.
INTRODUCTION
Managing for cumulative effects (CE) in coastal and marine systems is confounded by many issues operating across a variety of spatial and temporal scales. There is a general recognition that collaboration between key institutes and stakeholders is needed to produce successful CE governance and management (Halpern and Fujita, 2013; Murray et al., 2014; Mach et al., 2015; Lundquist et al., 2016) , but there is little discussion of the aspirational or negotiated elements of the relationships between institutes and stakeholders required to develop common visions for CE management. Meanwhile ongoing degradation of marine environments resulting from the inadequate management of CE has led to the degradation or loss of resources (Foley et al., 2017) , and created uncertainty for investors (Davies et al., 2018a) . To adequately respond to CE, a more strategic approach is needed that considers, and where possible aligns, legislative frameworks and institutional practices, data collection and assessment, and consideration of values and rights in decision making across multiple scales and sectors .
For the purposes of our research, and in light of the myriad definitions of cumulative effects (or cumulative impacts) in international research, we define CE here as the effects of stressors that overlap in space and/or time (e.g., caused by a single repeated stressor or multiple stressors) (Davies et al., 2018a) . This high-level definition, we argue, provides us enough clarity and flexibility to guide the cross-boundary discussions that are needed to address CE management in coastal and marine areas. Moreover, we distinguish CE assessment from CE management; while assessment of CE is becoming increasingly common in human-environmental systems (Halpern et al., 2015; Korpinen and Andersen, 2016; Stelzenmüller et al., 2018) , CE assessment is often tenuously linked to, and does not necessarily instigate, CE management of coastal and marine systems (Stelzenmüller et al., 2018) .
Reviews of CE suggest three key challenges to the implementation of CE management: (1) fragmented legislative regimes, which makes consideration of multi-scale interactions difficult (Therivel and Ross, 2007; Canter and Ross, 2010) ;
(2) a lack of standardised, long-term ecological-scale data and modelling capability, which makes system-based assessments and predictions challenging to undertake (Sheaves et al., 2016) ; and (3) poor integration of socio-economic and cultural values, and Indigenous rights into management decision-making, which can lead to short-term planning horizons and high levels of conflict (Goldberg et al., 2016) . One study identified a shared vision, the capacity to work across institutions, and a set of national scale guidelines as some of the perceived key transformative elements needed to effectively address CE in Aotearoa New Zealand (Aotearoa NZ) (Davies et al., 2018a) . While none of these CE challenges are surprising, and they are well documented in the international literature, this paper focuses on understanding why these issues still exist, why there is not more impetus to address them, and how we might prompt more effective action on CE management in the future.
Building on (Davies et al., 2018a) , we conducted a comparative study of CE policies and practices in Aotearoa NZ and in the Great Barrier Reef Marine Park (GBRMP), Australia, to elucidate how challenges to cumulative effects management might be overcome and to identify leverage points that are likely to apply across international contexts. These two studies operate on similar geographic and spatial scales and both have undergone and are undergoing processes of co-management of coastal and marine areas between government and Traditional Owners (in Australia) and Iwi (Indigenous tribes in Aotearoa NZ). However, a number of significant differences between the two cases, including the level, nature and role of government, governance practices, management approaches, public and commercial access, and resource use and allocation make for instructive comparisons. The case studies also facilitate comparison of how a comprehensive CE policy could be implemented both in the presence of a well-publicised and acknowledged environmental disaster, and in the absence of a clear driver (where CE management is potentially a low political and/or social priority).
The Aotearoa NZ case study involved a co-developed research project entitled "Navigating the implementation impasse: enabling interagency collaboration on cumulative effects, " funded as part of the Sustainable Seas National Science Challenge 1 . In this case, research partners from Aotearoa NZ universities, research institutes, Māori consultancies and charitable trusts, government agencies, ministries, and private enterprises were mobilised to look more closely at how to undertake CE management in Aotearoa NZ. The Australian case study (GBRMP) illustrates a primarily reactive rather than proactive CE approach, where significant efforts have been made in recent years to address CE as a result of several crises that have focussed more attention on the degradation of the reef (e.g., McCook, 1999; De'ath et al., 2012; Ainsworth et al., 2016) , as well as the economic and cultural effects of degradation (De Valck and Rolfe, 2018; Marshall et al., 2019) .
Our comparative analysis seeks to identify some impetus for changing behaviours and management in the marine environment, particularly in cases where political will is lacking [political will is defined broadly here as "the extent of committed support among key decision makers for a particular policy solution to a particular problem" (Post et al., 2010) ], or no significant environmental disaster has occurred to force the acknowledgement of ecosystem degradation. From this work, inferences can be drawn regarding (1) how to mobilise resources and political will to address CE, (2) how to deal with data scarcity and uncertainty, and (3) how to promote comprehensive and inclusive CE management of coastal and marine areas.
BACKGROUND
Ecosystem-based management (EBM) of coastal and marine areas aims to enhance the resilience, health and productivity of an interconnected social-ecological system (SES) through integration of policy and management of multiple uses and users (McLeod et al., 2005; Cormier et al., 2017; Gelcich et al., 2018) . Consideration of governance practices is a primary consideration when looking to implement EBM, allowing for separation of the "governing system" from the "system being governed" (Fanning et al., 2007) . However, while EBM principles are regularly referred to in national and international policy documents (Hewitt et al., 2018) , references to EBM principles do not necessarily lead to their implementation in national policies (Gelcich et al., 2018; Sander, 2018) .
Within the principles of EBM (Arkema et al., 2006; Gelcich et al., 2018) , this paper focusses on the governance and management of CE in coastal and marine areas, with a particular interest in understanding how to transform current arrangements so that they enhance the resilience, health and productivity of the SES. To transform the current system of CE management and governance, a novel suite of configurations must be introduced; this new system would necessarily consist of new components and ways of governing CE, and thus have the potential to change system state variables, scales of key cycles, and the structures and processes that provide feedback (Olsson et al., 2006) . Transformational change is likely to involve changes in perceptions, meanings and configurations of networks including leadership, power relations and institutional arrangements and structures (Folke et al., 2010) .
Potential and actual CE can vary both spatially and temporally. In Aotearoa NZ, CE include a wide range of impacts on the coastal and offshore marine environment (MacDiarmid et al., 2012) . In both coastal and offshore marine ecosystems, commercial, recreational and customary fishing directly impact on species and food webs through resource extraction, and for some fishing methods, result in significant disturbance to biogenic habitats on the seafloor. Other resource industries (oil and gas, mineral extraction, sand mining) and aquaculture as well as non-extractive industries (e.g., tourism, transport) may also impact on marine ecosystems. Climate change (temperature, sea level rise, increasing storm and wave events, ocean acidification) also has large impacts. Coastal marine systems are also impacted by sediments, nutrients and other pollutants derived from landbased activities. In the GBRMP, CE operate on local and global scales (Ortiz et al., 2018) , including nitrogen inputs (Fraser et al., 2017) , crown-of-thorns starfish outbreaks (Fraser et al., 2017; Vercelloni et al., 2017; Ortiz et al., 2018) , climate change and extreme weather events such as cyclones (Fuentes et al., 2011; Ortiz et al., 2018) , and degraded water quality and warming leading to coral bleaching (Ortiz et al., 2018) .
Statutory Context
In Aotearoa NZ, coastal and marine management is covered by 25 statutes across 14 agencies and seven spatial jurisdictions (Bremer and Glavovic, 2013; Brake and Peart, 2015) . Under the Resource Management Act 1991 (RMA) (Ministry for the Environment [MfE], 1991), responsibility for the sustainable and integrated management of marine natural resources (with the exception of fisheries) in the territorial sea (low water to 12 nautical miles) is devolved to regional and district councils (Severinsen and Peart, 2018) . Sustainable management of natural resources (again with the exception of fisheries) within the Exclusive Economic Zone and on the continental shelf (from 12 to 200 nautical miles) is regulated by the Exclusive Economic Zone and Continental Shelf (Environmental Effects) Act (EEZ Act) 2012 (Ministry for the Environment [MfE], 2012). Other activities not covered by these two acts include maritime transport, submarine cables, and marine reserves; these activities are addressed under a variety of other Acts. While the need to avoid, remedy or mitigate cumulative effects is legislated within many of these Acts (e.g., the RMA, EEZ Act, and Fisheries Act), coordinated and consistent definitions and response to CE is lacking in Aotearoa NZ. Central government support for implementation, coordination, and collaboration across all levels of government is required to address CE in the marine environment (Bess, 2010) , however, the fragmented approach to CE management in Aotearoa NZ makes consideration of multi-scale interactions challenging. This fragmentation is found globally; the scale at which management occurs often is not in alignment with the scale at which a problem occurs (Cumming et al., 2006; Guerrero et al., 2013) . Short-sighted decision making is enhanced by the relatively short timeframe of political cycles, which hinder the formation and implementation of long-term management plans (Guerrero et al., 2013; Weeks et al., 2015) .
In Australia, the GBRMP was established under the Great Barrier Reef Marine Park Act 1975; an intergovernmental agreement, the Offshore Constitutional Settlement, was put in place in 1979 to help protect the GBRMP (Hassan and Alam, 2019) . The GBRMP was designated as a United Nations Educational, Scientific and Cultural Organization (UNESCO) World Heritage site in 1981. Due to continuing declines in reef health, UNESCO raised concerns over the state of the reef in 2012. This instigated the preparation of the Reef 2050 Long-Term Sustainability Plan (Reef 2050 Plan), which involved three levels of government working together to develop joint policies to control all activities that impact the marine park, including activities located outside the boundaries of the GBRMP. Strategic assessments, an integrated monitoring framework, and a review of protection mechanisms were associated with the development of the Reef 2050 Plan; these were carried out in partnership with traditional owners (TOs) and industry between 2012 and 2015 (Commonwealth of Australia, 2018). The following 2 years (2016/2017) saw devastating coral bleaching events occur within the GBRMP. In response to the bleaching events and the impact of Tropical Cyclone Debbie in 2017, an updated Reef 2050 Plan was expedited and released by the Australian and Queensland governments in July 2018 and is the overarching framework for protecting and managing the Reef until 2050 (Great Barrier Reef Marine Park Authority, and Queensland Government, 2018). The Australian Government, the Great Barrier Reef Marine Park Authority (GBRMPA) and the Queensland Government will lead implementation of the Reef 2050 Plan to protect the Outstanding Universal Value of the Reef. The Plan builds upon, and does not replace, the existing statutory and foundational management arrangements for the World Heritage site.
The Reef 2050 Plan responds to the pressures facing the Reef and aims to address cumulative impacts and increase the Reef 's resilience to longer-term threats such as climate change. In recognition of the need to manage cumulative impacts (as outlined in the legally mandated Strategic Environmental Assessment undertaken jointly by GBRMPA and the Queensland Government), a review of current understanding with respect to cumulative impact management and application for management was undertaken in 2017. A suite of supporting policies and programms include the Reef 2050 Cumulative Impact Management Policy and Net Benefit Policy passed in July 2018 (Australian Government, 2018); these two documents, along with the Good Practice Management for the Great Barrier Reef document, are guidance materials to support implementation of the Reef 2050 Plan. In addition, the Reef 2050 Integrated Monitoring and Reporting Programm is a key part of the Reef 2050 Plan and will track the progress of the Reef 2050 Plan's outcomes and targets.
Co-governance and Co-management Arrangements
The involvement of Indigenous peoples in the management of CE is a feature of resource management in both Aotearoa NZ and GBRMP. In Aotearoa NZ, the Treaty of Waitangi signed in 1840 shapes the nature of the relationship between Iwi (Indigenous Māori tribes) and the Crown, whereby the Crown has obligations to recognise and provide for the rights of Māori under the Treaty. According to the Treaty and contemporary resource management regulations, tangata whenua (local Indigenous people) have the right to exercise kaitiakitanga (Māori stewardship according to their own aspirations and practices). Māori, therefore, have the right to be included in planning and decision making for natural resources through co-management and co-governance arrangements Lundquist et al., 2016; Webster and Cheyne, 2017) , though statutory requirements vary substantially from consultation to co-governance across different legislative Acts and institutional practices (Joseph et al., 2018) . Māori rights under the Treaty extend to the right to redress for Crown breaches of the Treaty . Treaty claim settlements can include a formal apology, financial reparations for loss of land and resources, the right to first purchase of government infrastructure (such as airports and public land), and recognition of the groups' cultural association with specific lands and waters. Evolving recognition of Treaty rights and obligations toward stronger co-governance arrangements present opportunities for both mātauranga Māori (Māori Indigenous knowledge systems) and scientific knowledge to contribute to the evolution and enhancement of sustainable management goals and practices (Jollands and Harmsworth, 2007; Henwood and Henwood, 2011) . Mātauranga Māori offers a holistic world view that emphasises relationality, interconnectedness, and the cultural and metaphysical dimensions of place (Harmsworth and Awatere, 2013; Clapcott et al., 2018) .
Indigenous rights in Australia have a different history of implementation. Since the mid 1970's, there have been many important events that have contributed to the current state of sea-country management in and around the Great Barrier Reef (see Figure 1 in Dale et al., 2016) . The ground-breaking "Mabo" decision (1992) acknowledged the rights of Indigenous peoples as the original occupants of Australia in the court system; the Native Title Act (1993) and "The Croker Island" decision (2001) established Indigenous rights to traditionally owned seacountry (Nursey-Bray and Rist, 2009; Dale et al., 2016) . In the late 1990's, when plans were proposed to stop declining dugong populations which impacted on Traditional Owners abilities to harvest dugong from their sea-country, Traditional Use Marine Resource Agreements (TUMRAs) arose as a possible resolution to the tension around dugong and sea turtle harvesting . The establishment of the first TUMRA with the Girringun Community in 2005 enacted a co-management regime for the first time on the Great Barrier Reef (Nursey-Bray and Rist, 2009; Dale et al., 2016) .
TUMRAs and Marine Park Indigenous Land Use Agreements (ILUAs) continue to be enacted to provide space for consideration of Indigenous perspectives and practices in the management, monitoring and compliance programms. TUMRAs in the GBRMP operate for a set timeframe after agreement between traditional owner groups, the GBRMPA (the lead authority responsible for the management of GBRMP) and the Department of National Parks, Recreation, Sport and Racing. In practice, these agreements tend to be descriptive documents outlining the role of traditional owner groups in management rather than facilitating co-management of Indigenous groups' traditional land and sea country.
MATERIALS AND METHODS
We conducted a comparative study of CE policies and practices in GBRMP and Aotearoa NZ using qualitative methods to collect and analyse data. Workshops and focus groups were employed to explore CE assessment and management frameworks, especially policies and practices, and the Trans-Tasman similarities and differences in addressing this global challenge. A review of international literature, focussed on understanding existing CE assessment and management frameworks, informed the design of workshops, focus groups and subsequent data analysis. Specifically, a range of policy documents were analysed using qualitative content analysis (e.g., Irvine et al., 2013; Takala et al., 2019 ; Table 1 ) to understand the governance and legislative arrangements regulating activities and the management of CE in Aotearoa NZ and the GBRMP, and to provide further context for the analysis (Charmaz, 2014) .
The workshops and focus groups that formed the fieldwork portion of this research were designed to provide spaces for collaboration, co-learning and co-production of knowledge among scientists, practitioners, Māori and stakeholders with expertise and interests in CE in the marine environment . Study participants therefore comprised a purposive sample who could provide meaningful reflections on the topic of Trans-Tasman CE management. Utilising this approach meant that while meaningful and robust findings could emerge in relation to the study context, care had to be taken when making broad generalisations as a result of the research (Yin, 2011) . Details of the workshop and focus group procedures are summarised in Table 2 . All research procedures were approved by the NIWA Human Research Ethics Process prior to fieldwork and were performed in compliance with relevant human research ethics laws and institutional guidelines. All workshops and focus groups were led by experienced facilitators.
The primary Aotearoa NZ case study workshop was conducted in Wellington, New Zealand, and included 14 representatives from diverse backgrounds in local government, central government, industry, research organisations, Māori organisations, and Māori interests. This workshop focussed on understanding how CE are currently managed in light of legislative requirements and mechanisms, as well as identifying TABLE 1 | Policy documents analysed to understand the governance and legislative arrangements regulating activities and the management of cumulative effects in Aotearoa NZ and the GBRMP.
Institution
Year Title Country References
Bay of Plenty Regional Council Representatives from different disciplinary backgrounds and expertise from two Australian research organisations
Sampling methods Purposive (comparability) sampling (Teddlie and Yu, 2007) Snowball technique (Fontana and Frey, 1998) Purposive (comparability) sampling (Teddlie and Yu, 2007) Purposive (comparability) sampling (Teddlie and Yu, 2007) ; Snowball technique (Fontana and Frey, 1998) Typology Single focus group (Nyumba et al., 2018) Single focus group (Nyumba et al., 2018) Respondent moderator focus group/workshop (Nyumba et al., 2018) Respondent moderator focus group/workshop (Nyumba et al., 2018) Focus of discussions Understanding scientific approaches to assessing CE (including modelling, risk assessments, strategic assessments and indicators), as well as legislative and governance arrangements to specifically manage CE in the GBRMP. Identification of helping and hindering factors in GBRMP and Aotearoa NZ to begin to elucidate commonalities and differences across the two case study locations.
management practices that fall outside of formal requirements; for example, the practice and exercise of kaitiakitanga among Māori, and non-statutory co-governance and co-management arrangements. This workshop also sought to investigate some of the key drivers, pressures, values, and possible responses to CE that might align across scales, including identification of factors that can help or hinder resource managers in managing CE. The Australian case study was comprised of two components; the first was a Trans-Tasman collaborative workshop held in Hobart, Australia which involved 10 representatives with different disciplinary backgrounds and expertise (seven from the Australian context and three from the Aotearoa NZ context). This workshop explored a broad CE research agenda, focussing on understanding scientific approaches to assessing CE, as well as legislative and governance arrangements to specifically manage CE in the GBRMP. One of the breakout sessions focussed on identifying and comparing helping and hindering factors in GBRMP and Aotearoa NZ to begin to elucidate commonalities and differences across the two case study locations.
The second Australian component was a focus group conducted in Brisbane, Australia, with five representatives from GBRMPA. Due to the interests and expertise of the participants, the Brisbane focus group concentrated primarily on questions regarding CE management and governance implementation. The discussion centred on the governance and management of the GBRMP and implementation of the Reef Plan, including the various actions and management plans preceding the Reef Plan. This included a discussion of the inter-governmental and regulatory arrangements (Federal Government and Queensland State Government) to manage impacts of activities in the GBR and catchment area.
Summary notes from each workshop/focus group were taken by the researchers and/or a research assistant, compiled into a single document and provided to participants for clarification and amendment. This document was then analysed using constructivist grounded theory (Charmaz, 2014) to guide the comparative analysis of CE approaches across the two cases. The data were coded using QSR International NVivo 12 software and memoing was used to record the process of emergence and relationships between themes (Strauss and Corbin, 1990) . Four central themes associated with CE management policies and practices emerged from the data analysis and are considered throughout this paper (see Tables 3, 4 for details):
(1) Legislative framing;
(2) Data, systematic assessments, and uncertainty;
(3) Values, rights and decision making; (4) Linking across scales.
Each theme links to at least one of the three key CE management challenges described in the introduction. Our initial analysis of these themes highlighted factors that hinder and/or help progress effective CE management across diverse cycles, stages, timeframes, actors, scales, and cultures of governance and decision making (after Jann and Wegrich, 2007) . We then conducted a further analysis to consider whether and how CE management and/or governance transformations have occurred and in what ways these transformations have addressed the three key CE management challenges. The phases and characteristics of transformational change that we evaluate our data against are outlined in Table 5 .
RESULTS

Legislative Framings
Participants at the focus group and workshops for both case studies identified legislative and sectoral fragmentation as a key challenge for CE management, but also identified a number of other aspects of legislative framing that influenced their ability to effectively manage for CE (either positively or negatively). Participants spent time discussing the need for political will to address CE (Tables 3, 4) , describing it as a crucial element of CE management implementation. Although the term "political will" is a notoriously slippery concept to define, we are confident that participants were using the term in alignment with the definition provided by Post et al. (2010) . In the GBRMP context, the importance of having an external driver (UNESCO) and major environmental events such as coral bleaching were repeatedly emphasised in relation to generating the political will to address CE. In the Aotearoa NZ context, the lack of political will was perceived to be a major constraint to making progress on CE management; this was linked to the absence of external drivers that might influence CE management, and the influence of short-term economic drivers. However, a growing awareness of the problems associated with CE was seen as a helping factor that could encourage the development of more political will to address CE.
Having the legal mandate to address CE was another key factor that participants raised at all of the workshops/focus groups (Tables 3, 4) . Although there is a legal mandate in Aotearoa NZ for CE management under the RMA, guidance on how this should be undertaken was missing, and it has therefore remained a low priority. Participants suggested this was due to the previously mentioned lack of political will. Some participants also pointed out that mismatches between having a legal imperative to progress CE management, having a moral inclination to do so, and having the support of the government to take action on CE were difficult to navigate. However, participants pointed out that the fact that some sense of obligation did exist was probably a positive sign. In the GBRMP, a legislative requirement designed to specifically address CE was not in place until the Reef 2050 Plan was passed in 2018. Again, the passing of this plan was largely attributed to the increased political will that emerged in recent years as a result of several external drivers. Participants from Aotearoa NZ and Australia rued the fragmented management and governance regimes that have made it difficult to coordinate a CE mandate that stretches across scales. They also recognised that practitioner expertise was often local/regional, while the guidance came from a higher scale (state/national). This disconnect has been difficult to overcome except through the establishment of hard-earned, long suffering collaborative efforts (as in the efforts to establish the Reef 2050 Plan). 
Phases and characteristics of transformational change
Description Preparing for change (Olsson et al., 2006) Building knowledge and networking
Networks that include actors operating at a range of scales, build trust, encourage information sharing and the creation of new knowledge, can help to manage conflicts.
Leadership Key individual and/or organisational leaders prepare the system for change, especially regarding the development of strategies for exploring new system configurations. Motivate, align, and inspire others to invest in alternative approaches.
Windows of opportunity (Kingdon, 1995) Problem awareness A problem is broadly recognised by a collective of disparate actors
Solutions available
An acceptable solution or suite of solutions is available and supported by key actors
Political action
The political climate is open to change and constraints do not prohibit actions.
Navigating the transition (Olsson et al., 2006; Folke et al., 2010) Emergence of shadow networks
Often informal networks that are willing to experiment and generate alternative solutions to emerging problems, seek tools and data to navigate transitions and institutionalise new approaches, emphasise political independence.
Emergence of leadership Visionary leadership that emerges at a key moment (often a crisis) and can reconceptualise issues; generate and integrate a diversity of ideas, viewpoints, and solutions; communicate and engage with key individuals in different sectors; span scales; promote and steward experimentation; recognize or create windows of opportunity; and promote novelty by combining different networks, experiences, and expertise.
The role of independent voices and leadership was also discussed by many participants, especially in the Australian contexts (Tables 3, 4) . GBRMPA is an independent organisation, which means that while it must operate within the constraints of its mandated authority, it can raise issues of importance without facing political repercussions (e.g., release position statements on issues that are technically outside its jurisdiction such as climate change). Participants described this independence as crucial to getting the best possible CE management plan in place. From the Aotearoa NZ perspective, there has been little discussion about CE management until recently and therefore no political champion has yet emerged to drive action on CE management. Approaches to CE assessment and management have thus far largely relied on case law 2 related to resource decisions made through the courts (Milne, 2008) and regional efforts by councils or community groups.
Data, Systematic Assessments, and Uncertainty
The kinds of reporting needed to develop CE management plans, guidelines, and assessments were discussed at length in all workshops and focus groups (Tables 3, 4) . The GBR context is much further along this path than Aotearoa NZ. The Australian Institute of Marine Science (AIMS) Long-Term Monitoring Program (LTMP) for the GBR has been going since 1993 and a long-term monitoring programm that focusses on social and economic data for the GBR was instigated in 2013 (Marshall et al., 2013) . This concerted effort in data collection has enabled the GBR to make relatively speedy progress on developing assessments, risk management plans, and other related CE guidelines. The GBRMPA is required to produce a summary report that collates this monitoring data at least every 5 years.
While the New Zealand Ministry for the Environment (MfE) has started to produce national-scale marine reports every 3 years (Ministry for the Environment [MfE], 2015), there is little cohesive long-term data or other standardised monitoring data for these reports to collate, making these efforts an important but limited step for Aotearoa NZ. The 2016 MfE report, Our Marine Environment 2016, begins with a discussion of the uncertainty facing coastal and marine systems in Aotearoa NZ due to a lack of data: "We cannot quantify the state of marine habitats at a national level, or the full ecological impacts of commercial, recreational or customary fishing on coastal and open ocean ecosystems" (Ministry for the Environment & Statistics NZ, 2016: 8).
The lack of credible metrics/indicators associated with CE has constrained efforts in both countries (Tables 3, 4) . The Secretariat of the Pacific Regional Environment Programme (SPREP) has instigated a large-scale project to create core indicators, which has started to address this gap in the GBR. Meanwhile, a range of projects are in development in Aotearoa NZ to investigate the suitability of different indicators for environmental health that could be used to inform CE management and assessment (e.g., Department of Conservation, 2000). However, participants from both Aotearoa NZ and GBR contexts admitted there was likely more data available than anyone realised, and an essential part of the work will be to take adequate time to collate and analyse this data.
In addition to reporting on coastal and marine status and trends, a series of strategic assessments undertaken in the GBR context have provided crucial information that has driven the CE management process forward (Anthony et al., 2013) . The Cumulative Impact and Structured Decision-Making (CISDM) framework was designed to understand the cumulative impacts of multiple stressors and incorporate this knowledge into management decisions. The GBRMPA focus group pointed out that having a long term, sequential series of efforts addressing CE helped build a case for and socialise the implementation of the Reef 2050 Plan.
The cumulative impacts policy provides for a strategic, systematic and consistent approach for managing and reducing cumulative impacts on the GBRMP (Stelzenmüller et al., 2018 ; Figure 1) . The policy outlines a Drivers-Pressures-State-Impact-Response (DPSIR) framework for assessing condition and trend, along with values and attributes of the GBR. It also provides guidance on how to deliver net benefit outcomes for the reef using a range of approaches including working collaboratively with stakeholders at local, regional, national and international scales.
Values and Rights in Decision Making
Participants acknowledged that under current circumstances it is difficult to determine responsibility for CE, and that this is a significant challenge for CE management (Tables 3,  4) . Mechanisms to promote either an individual or collective sense of responsibility are actively being sought in both the Aotearoa NZ and GBR contexts. The GBRMPA focus group described several mechanisms (e.g., workshops, public forums) that have been utilised in an attempt to gain consensus and move management decision making forward. In the Aotearoa NZ context, participants referred to the "tragedy of the commons" (Hardin, 1968) to summarise many of the challenges faced by proposals that relied on collective management of coastal and marine areas.
All participants agreed that the need to develop and socialise a clear and unifying vision and objectives is needed to guide any cohesive CE management process. Those in the Hobart workshop agreed that the current State of the Environment reports (e.g., Ministry for the Environment & Statistics NZ, 2015) do not provide this clarity or vision. However, there are signs that CE policies are gaining interagency and multi-scalar support, although satisfactory implementation is still in progress. For example, the Reef 2050 Plan was recently passed into law, and the Plan's implementation is overseen through the Great Barrier Reef Ministerial Forum (which includes representation from both the Australian and Queensland governments) (Great Barrier Reef Marine Park Authority, and Queensland Government, 2018). At the core of the Reef 2050 Plan is an outcomes framework that may drive progress toward an overarching vision: "To ensure the Great Barrier Reef continues to improve on its Outstanding Universal Value every decade between now and 2050 to be a natural wonder for each successive generation to come" (Commonwealth of Australia, 2018: 1).
Participants agreed that establishing cohesive CE management protocols requires a substantial investment in participatory processes. The Brisbane focus group and the Hobart workshop participants described the value in having expert and/or independent facilitators involved in running participatory processes (Tables 3, 4) . The need to get buy-in and agreement from both conservation and industry groups was a significant hurdle for the Reef 2050 Plan and required extensive stakeholder engagement and conflict management. In the Aotearoa NZ context, participatory processes are perhaps more standardised than in Australia due to RMA consultation requirements that have been in place since 1991, but evidence suggests that there is considerable diversity in how long-term, large-scale engagement with diverse and often conflicting interests plays out (Davies et al., 2018b) . Another crucial factor related to participation is the rights of Indigenous partners in CE management decision making. While in Aotearoa NZ, Treaty agreements provide some guidelines and protections regarding how co-management and co-governance practices should unfold, participants in the GBRMPA focus group described the need to recognise TOs as partners and provide support for participation and capacity building as a major gap in terms of including values and rights in CE management and decision making, even under the recently implemented Reef 2050 Plan.
Knowing the distribution of human values and impacts on marine environments, spatially and temporally, is key to successful CE management . The absence of large-scale social and cultural data sets in both Aotearoa NZ and Australia complicates attempts to incorporate Indigenous values into ecosystem-based management ( Table 4 ). Much of the information available is in an unquantified or unquantifiable form and seen as unsuitable for inclusion in traditional western scientific monitoring and management programms. Some traditional use and value data are deemed not sharable for cultural reasons by Indigenous communities. As with the existing ecological data sets, the social and cultural information available is not conducive to facilitating assessment or management of large scale coastal and marine systems facing issues across multiple spatial and temporal scales, but perhaps could be viable as part of a more localised or regional CE management cluster.
Linking Across Scales -The Role of Metaphors and Models
The approach taken to CE assessment and decision making can differ depending on who is undertaking the assessment, the purpose for which it is intended and whether it is to be done at a strategic level or a project level. In Aotearoa NZ, operators in the marine environment are required to consider the CE of proposed activities. However, the method and scope of the assessment that is undertaken can change dramatically between applications, and decision makers must be able to evaluate and make a determination on these assessments. Decisions about the scope of the assessment (activity vs. receptor) and the spatial and temporal scale all influence CE assessments and their reliability (Natural England, 2014) .
Both case studies emphasised emerging, future-focussed, innovative initiatives that bring some optimism to the CE management discussion (Table 3 ). In the Aotearoa NZ context, the Sustainable Seas National Science Challenge is providing funding for work on CE through to 2024. In GBR, the Reef Guardians Schools Programm (Day and Dobbs, 2013) is an action-based sustainability education programm that builds relationships and recognises opportunities. Participants and teachers are said to change the way they do things and how they think about their effect on the reef (Evans, 2011) . There was some admission, however, that work in the social sciences is a large gap in many of these efforts ( Table 3) .
Both case studies have developed metaphors, models, and tools to address the many complexities associated with CE management ( Table 3) . The DPSIR framework (Commonwealth of Australia, 2018) has been used extensively to deal with CE in GBRMP. Participants touted DPSIR as a tool that compromises some of the details preferred by scientists but makes sense to most stakeholders. The Aotearoa NZ Team is also using a modified DPSIR framework to progress discussions across groups because of its flexibility and transparency. The tool is not perfect; issues have been identified in terms of an over-emphasis on pressurestate interactions, with inadequate treatment or integration of management responses and impacts to human well-being (Lewison et al., 2016; Patrício et al., 2016) , but it does help to identify where pressures and threats are in a system, and therefore possible options for intervention. In Aotearoa NZ, ki uta ki tai-from mountain to sea-is a Māori concept that emphasises the interconnectedness of ecosystems inclusive of people (Schiel and Howard-Williams, 2016; Tipa et al., 2016; Kainamu-Murchie et al., 2018) . This concept aligns closely with the commitment to EBM required to effectively manage cumulative effects in complex marine systems. The ki uta ki tai strategy provides a way to conceptualise and manage linkages across scales and cultures. This is an important unifying metaphor that is somewhat missing from the GBR context.
DISCUSSION
This research has thus far provided important insights into the barriers and enablers associated with CE management and why they persist (or not) across a range of scales, legislative framings, and cultures. The discussion that follows will use this empirical data to tease out lessons about how to prompt more effective action on CE management in the future. We do this by considering how well the Aotearoa NZ and GBRMP case studies align with qualities associated with transformative management and governance ( Table 5) . Although our findings come from an Oceania context, by viewing this data through a transformative lens we illuminate the broader implications of this research for CE management in other contexts around the world.
Preparing for Change
Building knowledge and networking are key aspects of successful implementation of CE governance and management transformations. Not surprisingly, results from this study indicate that actors in the GBRMP case study have done more to prepare for a CE management transformation than the actors in the Aotearoa NZ case study. Study participants pointed out that the long-term monitoring programms in GBRMP have enabled relatively speedy progress on developing assessments, risk management plans, and other related CE guidelines. Mechanisms that promote participation and a sense of responsibility when it comes to CE governance and management have also been actively developed in GBRMP, with a substantial amount of work aimed at sharing information across scales and building trust among actors. There is no equivalent work in the Aotearoa NZ context beyond the co-developed project associated with this study.
The collective efforts associated with CE management in GBRMP have paid off, and the governance and management of the area has progressed through at least the early stages of a transformation (Folke et al., 2010) . However, data that are available for CE assessments and management in both cases are still considered by study participants to be fragmented, not standardised and often combined with high levels of uncertainty, making system-based assessments and predictions difficult. Failure to adequately address uncertainty has directly led to many cases of failed management around the world (Ludwig et al., 1993; Ralls and Taylor, 2000) .
While government agencies in Aotearoa NZ have recognised the existence of CE and the role that local coastal and marine systems play in the wider global ocean ecosystem, long-term ecological-scale data is needed in order to manage these systems effectively. There is a better record of collecting ecological data and conducting strategic analyses in GBRMP, but both case studies reveal substantial gaps in the social and cultural data needed to effectively link ecological data to behaviour changes and implementation that would be effective for CE management. Further, understanding of interactions between stressors are limited, and better understanding of whether component and system interactions are additive or synergistic (i.e., total effect is great than the sum of the parts) can assist in more efficient CE management (Burkepile and Hay, 2006; Crain et al., 2008; Harvey et al., 2013; Przeslawski et al., 2015) .
Another key component of preparing for change is individual and/or organisational leadership that develops strategies for exploring new configurations for CE management (Olsson et al., 2006) . GBRMPA has been touted for its willingness to reorganise internal structures and test innovative management strategies to gain more traction on GBRMP management challenges (Folke et al., 2010) . In contrast, in Aotearoa NZ, there has been little cohesive leadership taken by any government authority on CE management beyond the recognition in recent State of the Environment reports that it is a substantial concern (Ministry for the Environment & Statistics NZ, 2015 .
Windows of Opportunity
Policy changes are affiliated with a "window of opportunity" by Kingdon (1995) ; he argues that transformations are most likely when problems, solutions, and politics all converge at a critical moment. Ecological crises and other periods of rapid change can similarly provide windows of opportunity that trigger the emergence of new networks and promote new forms of governance (Folke et al., 2005; Olsson et al., 2006) . In this study, we are interested in understanding how to promote windows of opportunity even when there is no immediate crisis or other substantial external driver.
Problem Awareness
Problem awareness can become very challenging when the problems are as complex and cross-scale as something like climate change or CE management. People often struggle to connect their mainly land-based activities to outcomes in the oceans (McKinley and Fletcher, 2012) . This contributes to the inability of traditional activity-led management to account for the interconnected nature of terrestrial, atmospheric and coastal and marine systems, let alone the social, political, economic and cultural (SPEC) elements of these systems (Wu et al., 2015; Allison et al., 2018) . In the GBRMP case study, the unifying entity of the reef has provided a focal point (albeit associated with multiple diverse meanings, identities and values) to guide the development of problem awareness and subsequent work on CE governance and management transformations.
In Aotearoa NZ, the biggest challenges to transforming CE governance and management could arguably arise in relation to developing a cohesive problem awareness, and thus linking knowledge, values, and actions across scales (Davies et al., 2018a) . This process requires coordination of CE management among institutions and agencies, a notoriously difficult task . The RMA should supply some level of overarching coordination to legislative frameworks and the agencies responsible for CE management in Aotearoa NZ, but many instances of fragmentation remain, not the least of which are the distinctions between the territorial sea and the EEZ, and the exclusion of fisheries management from consideration (Severinsen and Peart, 2018) . However, emerging efforts to conduct mission-led inter-and transdisciplinary science (such as the Sustainable Seas National Science Challenge) indicate that there is an increasing awareness in some sectors that CE governance and management transformations are needed. Similar integrated science and society approaches have also emerged elsewhere around the world to address complex, crossscale challenges (e.g., Collins et al., 2007) . It has also been suggested that taking a local/regional level approach and then linking to principles-based approaches that apply at higher scales could be a more efficient way to address CE governance and management challenges (Crease et al., 2019) .
Solutions Available
One of the key areas of development in Aotearoa NZ is the incorporation of Māori concepts that focus on place-based interconnections of ecosystems. Mātauranga Māori offers a place-based understanding of environmental change derived from intergenerational observations and the transmission of that knowledge; this kind of information is necessary for managing CE. Meanwhile, the principles and values associated with the ki uta ki tai (mountain to sea) concept can provide a unifying metaphor that aligns with healthy ecosystems and can leverage both scientific and customary knowledge to support implementation .
Crown obligations to Māori under the Treaty of Waitangi and as incorporated into contemporary legislation (such as the RMA) also provide Māori with a strong negotiating position (relative to many other Indigenous nations) (Bryan, 2017; Jackson, 2018) . This means Māori values and rights are often positioned at the forefront of natural resource management negotiations and decision making, rather than being assumed as part of a process in which a single culture dominates. The prominence of Māori knowledge, culture and tikanga (ethical or appropriate ways of doing) has been further strengthened in Aotearoa NZ decision making through the ongoing settlements of Treaty claims and establishment of co-governance and co-management agreements between relevant councils and Iwi around the country (Mutu, 2012; Ruru, 2018; Te Aho, 2018) . Treaty settlements have also resulted in substantial resource (natural and financial) (re)allocation to Iwi. The increasingly powerful position of Māori/Iwi can provide unique opportunities to explore alternative approaches to CE management. For example, a ki uta ki tai (mountains to sea) approach to CE management that draws from traditional and contemporary Māori approaches to natural resource management (Kainamu-Murchie et al., 2018) provides a proactive, holistic framing from which CE management can be undertaken.
Artificial divisions such as those between land and sea, regions/states, the EEZ and Territorial Sea, and activities/management authorities operating in the same physical space create jurisdictional boundaries that can be challenging, but not impossible to work around when it comes to CE management. The Reef 2050 Plan has achieved some improved coordination in this regard by linking GBRMPA, Queensland, and the Commonwealth (Commonwealth of Australia, 2018). While the Reef 2050 Plan recognises existing spatial boundaries and jurisdictions, it also includes an overarching set of principles and strategic approaches to assessing environmental health (e.g., the zone of influence approach) that support collective buy-in and responsibility both within and beyond these boundaries (Commonwealth of Australia, 2018) . Through a long process of education, pressure, negotiation and compromise, GBRMPA has now been granted a substantial amount of authority to oversee the implementation of the Reef 2050 Plan, but how this works in practice (including questions related to funding, monitoring, and enforcement) will require further study, as efforts have only just begun.
Another approach to linking across scales in complex coupled human-environmental systems relies on models to simulate the interactions between the multitude of interacting subsystems (e.g., geophysical, ecological, climatological, social, political, economic, cultural) . This type of model is rare, and generally heuristic in nature. Such heuristic whole-of-systems models are much better suited (and often developed) to improve understanding of the interactions within complex human-environmental systems rather than for use in management applications (Kelly et al., 2013; Allison et al., 2018) . The use of DPSIR models in the context of the GBRMP is an example of a heuristic model that aims to enable managers to make better, more informed decisions about if, where and how activities under their control should take place, however these approaches are much more successful when applied at management-relevant local scales.
In recognising the complexities involved in cross-scale interactions, the door has been opened for the development of tools to assess how and what types of uncertainty are likely to affect environmental management outcomes. Examples include qualitative models (Anthony et al., 2013; Raoux et al., 2018) , Bayesian belief networks (Mantyka-Pringle et al., 2017) and models (Schmelter et al., 2012) , management strategy evaluations (Nuno et al., 2014) , sensitivity analyses (Perz et al., 2013; Stock and Micheli, 2016) , and Monte Carlo simulations (Stelzenmüller et al., 2018) . These tools can be used to rank management decisions based on the likelihood that the intended results will be achieved given existing uncertainty.
Transparently assessing uncertainty is necessary for successfully implementing CE assessments, ecosystem-based management, adaptive management principles (Holling, 1973) , and the precautionary approach. Tools, techniques and models are also needed to improve practices for assessing and managing CE (Clarke et al., 2016; Davies et al., 2018a) . While there is no universally accepted framework, there are a number of tools to assess cumulative impacts, for example, carrying capacity analysis, impact or interaction matrices, modelling and expert opinion (Walker and Johnston, 1999; Natural England, 2014) . However, each of these methods need to be developed and tested with a view to implementing them in line with CE management and decision-making processes , which generally requires a substantial investment in collaborative and participatory processes to ground model development in the realities of practice (Voinov et al., 2018) . If combined with efforts to take adequate time to collate and analyse existing data sets, this area of work holds great promise. Both case studies are testing the boundaries of how these relationships are established and maintained.
Political Action
Although positive gains in terms of CE management may be attained through more localised and/or clustered efforts, an overarching policy to guide management activities and plans has long been considered the most straight forward way to rescue both sides of the Tasman Sea from ongoing challenges associated with fragmented legislative regimes; incomplete/inadequate ecological and social, political, economic and cultural data; and competition among stakeholders and Indigenous groups for scarce resources and power over decision-making processes. Despite historical attempts, both Australia and Aotearoa NZ have failed to pass an overarching oceans policy. Australia released an Oceans Policy in 1998 but was unsuccessful in its attempts to institute integrated policymaking (Vince, 2008) and EBM (Tsamenyi and Kenchington, 2012) . Aotearoa NZ's oceans policy process came to a halt in 2003 after a significant effort of public consultation, including 71 hui and other meetings. The process was briefly restarted in 2005 but the political will that was driving the earlier effort had been lost with a change of government and priorities (McGinnis, 2012) . The passage of the Reef 2050 Plan is a big step forward for GBRMP but is still only applicable to the particulars of the case study area.
A crucial subset of any ocean policy must address the rights of Indigenous peoples. In Aotearoa NZ, Treaty agreements and subsequent legislation provide some guidelines and protections regarding how co-management and co-governance practices should unfold, but in the GBRMP context, there is less of a unifying approach to involving the Traditional Owners of (sea) country than in Aotearoa NZ. The TUMRAs do set a good precedent in some areas (Nursey-Bray and Rist, 2009 ), but there are deep inequalities associated with TO inclusion in natural resource decision making in Australia in general (Davies et al., 2013; Day and Dobbs, 2013) , and this also applies to many parts of GBRMP. The need to recognise TOs as partners, provide support for participation and capacity building and to include values and rights in CE management and decision-making remains as a gap even under the recently implemented Reef 2050 Plan.
Navigating the Transition
The transition phase from the current system of CE management and governance to a more adaptive, resilient, and holistic one is likely to be unpredictable and turbulent, and therefore "can only be navigated, not planned" (Olsson et al., 2006, p11 ¶1) . Successful transformations therefore require support from emergent shadow networks; these informal or semi-formal networks facilitate information flows, support social learning, and provide opportunities to experiment with alternative ways of doing governance and management (Schmidt, 2017) . They can help to institutionalise the new normal during windows of opportunity, relying on a range of leverage points, including but not limited to economic incentives (Olsson et al., 2006) .
Both case studies discussed the emergence of future-focussed, innovative and independent initiatives that brought some optimism to the CE management assembly ( Table 3) , but the initiatives from the GBRMP case (e.g., Reef Guardian Schools Programme -running since 2003) were relatively wellestablished and well-resourced in comparison with the Aotearoa NZ initiatives discussed (e.g., Navigating the Implementation Impasse research project -running since 2017). Either way, these efforts inject much-needed novelty into transitions (Chaffin et al., 2016) , but the authority and reach of older and better resourced networks will clearly have a bigger impact when it comes to supporting CE management transitions. In Aotearoa NZ, the lack of shadow networks addressing CE management and governance has meant that changes tend to be fairly slow -approaches to CE assessment and management have thus far relied primarily on case law related to resource decisions made through the courts (Milne, 2008) and regional efforts by councils or community groups. Most efforts have yet to connect across scales.
Another strategy exhibited in both case studies that can be associated with the emergence of shadow networks is a commitment to participatory processes. Both case studies have leaned on participatory processes in a range of forms and forums to overcome some activity or rights-based conflicts and develop more collective identities and partnerships across vested interests. While there are some promising results arising from these efforts (e.g., the passing of the Reef 2050 Plan in the GBRMP case), the institutional structures, funding mechanisms, and social and cultural changes that are needed to support these developments long-term are still emerging.
Emerging leadership is also important in terms of supporting and maintaining CE governance and management transitions, especially in the institutionalisation of the "new normal." Leadership at GBRMPA has been highlighted for connecting with different sectors, reducing conflict, and spanning scales (Olsson et al., 2008) . Strategies initiated by GBRMPA enabled the coordination of the scientific community, increased public awareness of environmental issues and problems, involved a broader set of stakeholders, and maneuvered the political system for support at critical times (Olsson et al., 2008) . These efforts have enabled the organisation to build interagency and multiscalar support and have set a good precedent for the work that lies ahead in terms of implementing the Reef 2050 Plan.
CONCLUSION
By comparing Trans-Tasman cumulative effects management challenges and successes and considering these efforts against a transformative governance framework (Olsson et al., 2006) , this paper has illuminated several features that are needed to enable effective CE management. The three key challenges associated with the implementation of improved CE management that are considered in this paper are: (1) fragmented legislative regimes;
(2) a lack of standardised, long-term ecological-scale data; and (3) poor integration of socio-economic and cultural values, and Indigenous rights into management decision making. This paper addresses these challenges by drawing conclusions and identifying priority actions regarding how to mobilise resources and political will to address CE, how to deal with data scarcity and uncertainty, and how to promote comprehensive and inclusive CE management of coastal and marine areas. We believe these findings provide an important resource for future efforts to implement effective cross-scale CE management in Aotearoa NZ and GBR/Australia, while also being applicable to other international work on CE management.
Mobilising Resources and Political Will
To implement effective CE management, there is an urgent need to mobilise diverse actors across scales, interests, institutions and cultures and promote collective actions. This research has revealed some key components that can help or hinder these efforts. First, having a uniting feature or notable value that is impacted by CE can mobilise leadership and generate action. In the case of the GBRMP, the reef itself is a distinct, charismatic feature which is internationally valued, and impacts of bleaching and cyclone damage are typically broadcast widely, encouraging motivated and innovative leaders to emerge from a range of networks to address an identifiable unifying cause.
In the Aotearoa NZ context, no clear value is threatened, and CE result in gradual change and shifting baselines. In cases such as this, it can be difficult to develop broad and effective action to address CE. The development of a unifying vision for management that appeals to disparate interest groups and actors across scales is crucial to the achievement of collective action under these circumstances. The identification of locally or regionally valued ecosystems and related social and cultural practices through participatory processes may help to promote this proactive agenda setting. In either case, institutional and individual leadership is needed to ensure that background knowledge and robust networks are in place so that when a window of opportunity emerges (or is created), leaders can act quickly to streamline fragmented legislative regimes in ways that will reduce stressors and ensure no further harm occurs.
Other key elements of successful CE management include investing in Indigenous partnerships and co-governance arrangements, as well as being generally inclusive of a range of partners -not just the most powerful -in order to ensure broader support through collaboratively defined long term plans for CE management and ecosystem sustainability. Ongoing resourcing and support of participation of diverse membership within interagency and transdisciplinary working groups (e.g., the range of interests represented on the GBRMPA Reef Advisory Committees) can help to ensure that these processes proceed somewhat independent of political whims. Resourcing these efforts may require flexible and creative funding; looking for opportunities to cluster efforts by region or seeking support from both higher and lower scales may help to assemble these resources.
Dealing With Data Scarcity and Uncertainty
Addressing data scarcity and high levels of uncertainty in the context of CE governance and management is a notoriously difficult task, but in some cases data or information may exist that can be repurposed for CE management decision making. By partnering with indigenous and local knowledge holders, whose knowledge of an area may go back decades or even generations, it may be possible to gain some of the long-term data needed to improve CE management and decision making. Mining existing data sets for CE data may also prove to be a valuable option. Although most of these data sets are unlikely to be appropriate for use across large scales, they may be useful for local and/or regional CE management purposes.
In addition to promoting better use of existing data, it is important to collect new data to help reduce uncertainties where possible. Today the GBRMP has over 90 monitoring programms operating at a variety of spatial and temporal scales (Reef 2050 IMRP, 2018 . Comprehensive, strategic social-ecological system assessments can provide a scientific baseline from which policy can evaluate ongoing changes to determine whether action is required to halt degradation; these kinds of assessments also provide clarity around the suite of social, cultural, and economic system components that should be included in CE assessments. Additionally, the DPSIR model is now being used by the GBRMPA as a unifying framework to describe integrated monitoring and management of the GBRMP. This EBM approach is designed to allow managers to understand connections between components of and processes acting upon the GBRMP to facilitate integrated monitoring and management. The choice of model is arguably not as important as its ability to provide a cohesive metaphor that transparently links human-nature interactions and types of knowledge and information for decision making purposes.
Promoting Comprehensive and Inclusive CE Management of Coastal and Marine Areas
Effective CE management must be based on holistic systemsbased thinking that incorporates cross-scale interactions [e.g., ki uta ki tai (mountain to sea)], incorporates the multitude of overlapping, synergistic and antagonistic human and natural impacts, and accounts for the values and rights of current and future generations. A number of tactics support systems-based thinking/acting, though these approaches are often contrary to existing conventional sector-based management and statutory regulations. For example, principles-based approaches such as those included in the Reef 2050 Plan and under development in the Aotearoa NZ context provide a set of guidelines for CE management without being too prescriptive. Inter-and transdisciplinary research efforts also tend to enable holistic, interconnected approaches to problem resolution, rather than focusing on prescriptive limit setting for individual stressors (as these approaches tend to ignore synergistic or antagonistic interactions). While these approaches come with their own challenges, they are far better suited to CE management than anything that has yet been attempted.
Priority Actions
This research indicates that collaborative approaches can generally improve the implementation and practice of CE management, but further prioritisation is needed to guide future efforts. The following priority actions are envisioned as being deployed in advance of a crisis; once a crisis is identified as occurring, circumstances may dictate that another sequence of events is needed. To improve CE management practices, we recommend that future work on CE:
(1) Establish inclusive, transparent, well-resourced processes that support on-going partnerships across institutions and scales. In particular, this includes investing in Indigenous partnerships and co-governance arrangements.
(2) Develop a unifying vision for CE management that can connect disparate interest groups and actors across scales. Identifying locally or regionally valued ecosystems and related social and cultural practices that can be connected to larger scales may help with this process. (3) Develop collaborative, cross-scale, principles-based approaches that can provide a holistic suite of guidelines for CE management and ensuing CE assessment. (4) Analyse existing methods, tools and data to identify and assess CE over the long term, including Indigenous and local knowledge and other SPEC data sets. Conceptual models, risk assessments, and gap analyses may be needed to help identify sources of uncertainty and their importance in decision making. Where there are data gaps, establish monitoring regimes that are inclusive of relevant social-ecological indicators. (5) Implement contextualised, system-based, coordinated and adaptive principles-based approaches to CE. These programs should be evaluated against the principles and visions established through partnership approaches.
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